Background-Interest in bundle-branch block has focused primarily on its role as a predictor of mortality and coexisting cardiovascular diseases. Previous studies of prevalence, correlation to cardiovascular disease, and mortality have produced conflicting results. Methods and Results-We studied a random-sampled population of 855 men who were 50 years old in 1963 and followed them up for 30 years with repeated examinations. Men who developed bundle-branch block were studied with regard to cumulative incidence, relationship with cardiovascular disease/risk factors, and survival. The prevalence of bundle-branch block increases from 1% at age 50 years to 17% at age 80 years, resulting in a cumulative incidence of 18%. No significant relationship with ischemic heart disease or mortality was found. Men who would develop bundle-branch block had a bigger heart volume at age 50 years and developed diabetes mellitus and congestive heart disease during follow-up more often than control subjects. Conclusions-Bundle-branch block correlates strongly to age and is common in elderly men. Our results support the theory that bundle-branch block is a marker of a slowly progressing degenerative disease that also affects the myocardium.
I
n the literature, interest in bundle-branch block has focused primarily on its role as a predictor of mortality and coexisting cardiovascular diseases. The epidemiological data were derived mostly from hospitalized patients, [1] [2] [3] [4] [5] [6] [7] [8] thus being confounded by the reason for performing a standard 12-lead ECG. Others have studied healthy populations on a routine check-up basis 9 -12 and were often confounded by age. In the Framingham Heart study, it was concluded that people with acquired bundle-branch block were more likely to have or to subsequently develop advanced cardiovascular manifestations, especially men with left bundle-branch block. 13 In the Reykjavik studies, no increased death rate due to coronary artery disease or hypertension was observed among people with left bundle-branch block. 14 In people Ͻ60 years old with right bundle-branch block, there was a positive correlation to hypertension. 15 Several studies have found increased mortality in patients with bundle-branch block and concomitant cardiovascular disease. 1, 3, 8, 16 In patients with acute myocardial infarction, the presence of bundle-branch block is a marker of worse outcome 17, 18 that persists in the modern era of thrombolytic therapy. 19 Among patients with chronic coronary artery disease, bundle-branch block has been shown to be a strong predictor of mortality, independent of the degree of heart failure and extent of coronary disease. 16 Whether it is the pathogenesis and morphology of the bundlebranch block itself or the relationship or combination with ischemic heart disease that has an impact on mortality is unclear.
As far as we know, no previous study has recorded 12-lead ECGs in a random sample of 50-year-old men with a 30-year follow-up. The aim of our study was to describe the cumulative incidence of bundle-branch block and its relationship with cardiovascular disease, risk factors, and prognosis.
Methods

Study Population
The Study of Men Born in 1913 is a longitudinal prospective study of men born in 1913 and living in the city of Göteborg on the west coast of Sweden. 20 In 1963, Göteborg had Ϸ500 000 inhabitants. All residents in Sweden have a unique national 10-digit registration number based on their date of birth. The County Census Bureau is required by law to keep registration numbers, names, and addresses up to date in an official computerized register. In 1963, a sample was drawn from the population register consisting of all men born in 1913 on a day divisible by 3 (ie, day 3, 6, 9, etc, of each month) and living in the city of Göteborg. These criteria were fulfilled by 973 men, 855 (88%) of whom agreed to participate in a health examination. From the baseline examination in 1963, when all the men were 50 years old, 855 men have been followed up for 30 years with repeated examinations (in 1967, 1973, 1980, 1988, and 1993) . Those who did not participate in the examinations were asked to fill out questionnaires or participate in telephone interviews. Information about hospitalization, medication, and morbidity since the previous examination was obtained at each examination. Death certificates, autopsy reports, and medical records were studied for those who died. The participants and nonparticipants have previously been described in detail (References 20 to 23). Systematic 12-lead ECG recordings were made in 1963, 1980, 1988, and 1993 and form the basis of the present study (Table 1) .
ECG
Standard 12-lead ECGs were recorded with the patients at rest in the supine position. Paper speed was 50 mm/s, and calibration was 1 mV:10 mm. All 12-lead ECGs were read by one of the authors (P.E.), who was blinded to all data, and were classified as to whether bundle-branch block was present or not.
Left bundle-branch block was defined as (1) QRS duration Ն120 ms, (2) PQ interval Ͼ120 ms, (3) predominantly upright complexes with slurred R waves in leads I, V 5 , and V 6 , and (4) QS or rS pattern in V 1 .
Right bundle-branch block was defined as (1) QRS duration Ն120 ms, (2) PQ interval Ͼ120 ms, (3) rSRЈ in lead V 1 or V 2 , and (4) S waves in lead I and either lead V 5 or V 6 . They were further classified according to the QRS axis in the presence of right bundle-branch block, in which an axis ϽϪ30°or Ͼϩ90°indicated a possibility of a bifascicular block (concomitant left anterior hemiblock or left posterior hemiblock, respectively). 24 If atrial fibrillation was present, the ECG was still included as bundle-branch block even if the criterion of PQ interval Ͼ120 ms could not be fulfilled. Left ventricular hypertrophy was defined as Sokolow-Lyon criterion Ͼ3.5 mV 25 and was measured only in men with QRS complex Ͻ120 ms before they developed bundle-branch block.
Baseline Examinations in 1963
Participants were examined in the morning after an overnight fast. Body weight was measured with a balance scale to the nearest 0.1 kg with the men wearing light indoor clothing. Height was measured to the nearest centimeter. Body mass index was calculated as weight (kg) divided by the square of height (m 2 ). Blood pressure was recorded in the right arm, with the participant seated after a 5-minute interview. A mercury sphygmomanometer with a cuff size of 12ϫ23 cm was used. All blood pressures were measured by the same observer to the nearest 2 mm Hg.
Chest radiographs were taken during inspiration in the frontal, left lateral, and 2 oblique projections. Radiographs were interpreted by 2 experienced radiologists who had no other information about the participants. Absolute heart volume (mL) was measured on the radiograph according to Jonsell. 26 Blood samples were drawn from an antebrachial vein for determination of serum cholesterol, serum triglycerides, and blood glucose. Information on smoking habits was obtained by questionnaire.
Follow-Up
From the baseline examination in 1963, 855 men were followed up for a mean of 30.5Ϯ0.5 (Ϯrange) years, with repeated examinations in 1967, 1973, 1980, 1988, and 1993 .
Of the men still alive in 1993, 232 attended the examination. Of the men who did not participate in 1993, 67 were interviewed by telephone, 29 answered a questionnaire, and medical records were studied for another 32. Six of the men had left the country and were unavailable to follow-up. Another 7 men were unavailable for end-point registration because they had moved out of the area and their medical records could not be found. Among these 7 men, 1 had right bundle-branch block and died in 1995. He has been included in the calculation of the survival data. Thus, the clinical follow-up rate during the 30-year follow-up period was 98%.
Morbidity data for coronary heart disease and stroke were obtained by interview, from death certificates, from the Myocardial Infarction Register, 27 and from the Stroke Register 28 covering the city of Göteborg. The criteria for stroke were hospital admission with the diagnosis of stroke or a fresh cerebral thrombosis or hemorrhage at postmortem examination.
The criteria for ischemic heart disease during follow-up were myocardial infarction defined by the Swedish Society of Cardiology, postmortem findings of fresh coronary heart disease, or hospitalization due to angina pectoris/unstable angina pectoris and suspected acute myocardial infarction. The end point congestive heart failure was defined as hospitalization for heart failure or outpatient treatment for heart failure for at least 3 months. Diabetes mellitus was defined as known diabetes mellitus under treatment or fasting blood glucose Ն6.7 mmol/L.
Statistics
The study group consisting of bundle-branch block was compared with the rest of the population with available ECGs (Table 1) .
Nonparametric tests were used. For difference between groups, the Wilcoxon rank sum test was used for continuous variables. Differences in proportions were analyzed with the 2 test. A life-table method according to was used to calculate the survival curves and the cumulative incidence for bundle-branch block. The cumulative incidence was based on those still alive and available to follow up with regard to ECGs. Men with bundle-branch block were not considered at risk the next year.
Results
During 30 years of follow-up, 82 patients (9.6%) with bundle-branch block were found. The vast majority (86%) had acquired the condition after the age of 50 years. In 2 patients, the bundle-branch blocks were found to be intermittent. One patient developed right bundle-branch block that changed to left bundle-branch block. He has been considered as having right bundle-branch block in all the analyses. ECG signs of left ventricular hypertrophy before bundle-branch block developed were seen in 26% of the patients who acquired left bundle-branch block compared with 6% for right bundle-branch block ( Table 2 ). The prevalence of bundle-branch block, both right and left, increased with age. Right bundle-branch blocks were more common than left bundle-branch blocks (Table 3) . At age 75 years, the prevalence of right bundle-branch block was Ͼ4 times that of left bundle-branch block. The cumulative incidence rate for all bundle-branch blocks at age 80 years was 18.1% (left bundle-branch block, 6.5% and right bundlebranch block, 12.9%) (Figure 1 ).
All patients who were alive and had an ECG taken at the age of 67, 75, and 80 years were analyzed separately for differences in coronary risk factors at age 50 years as well as being given a diagnosis of myocardial infarction, ischemic heart disease, congestive heart failure, or diabetes mellitus during follow-up (Tables 4, 5 , and 6).
In survivors, at age 67, 75, and 80 years, there were no significant differences in risk factor profile at age 50 between those who subsequently developed bundle-branch block and those who did not, and there was no significant difference in having myocardial infarction or a diagnosis of ischemic heart disease during follow-up. The heart volume at age 50 years was consistently larger among those who developed bundlebranch block (the majority had not developed bundle-branch block at the time of their radiographs in 1963) compared with control subjects. A diagnosis of congestive heart failure during follow-up was significantly more common among those with bundle-branch block. The biggest difference was found in survivors at age 67 years, among whom 36% of those with bundle-branch block developed congestive heart failure, compared with 14% of the control subjects (Table 4) . Diabetes mellitus was also more common among men who developed bundle-branch block.
Survival and Mortality
Survival curves for men with and without bundle-branch block were calculated separately at age 50, 67, and 75 years to avoid survival bias (Figures 2, 3, and 4, respectively) . On all 3 curves, men with bundle-branch block showed a nonsignificant trend toward a higher mortality. Among men who died without being known to have bundle-branch block, 262 of 446 deaths (59%) were diagnosed as being cardiovascular, compared with 23 of 35 (66%) in patients with bundle-branch block (PϭNS). Among those who died of cardiovascular causes without being known to have bundle-branch block, 73 of 262 (28%) had a prior diagnosis of chronic congestive heart failure, compared with 14 of 23 (61%) in patients with bundle-branch block (PϽ0.01).
Discussion
In a large screening program by Fahy et al, 10 the prevalence of bundle-branch block was only 0.28%; in the male population Ͼ64 years old the prevalence was 1.6%. The Reykjavik study showed a prevalence of 0.43% for left bundle-branch block among middle-aged men.
14 Among men 75 to 79 years old, right bundle-branch block was found in 4.1%. 15 In a retirement community, a prevalence of bundle-branch block of 5.1% was found in the male population Ն52 years old. 12 The Tecumseh study showed the prevalence of bundle-branch block to be 2.4% in men Ͼ50 years old. 30 In the study by Kreger et al, 31 complete intraventricular block, defined as QRS Ն0.12 second, was strongly dependent on age, with a prevalence of 11% in men in the 8th and 9th decades, and was twice as common in men as in women. Our results, as shown in Table 3 , explain the wide prevalence range noted in earlier trials and show that bundle-branch block is highly agedependent, going from uncommon (1.2%) at age 50 to becoming common (17%) at age 80 in the same population.
Relationship With Coronary Heart Disease
In the Framingham Heart Study, 13 univariate analysis showed an increased risk of subsequent development of coronary heart disease or congestive heart failure in patients who developed bundle-branch block. When adjusted for age, this difference was not significant. Froelicher et al, 32 using coronary angiography, examined 75 asymptomatic male aircrew members with bundle-branch block and found significant stenoses in 16 (22%) of the men but no causal correlation to the length of the left main coronary artery and numbers of septal perforators in left bundle-branch block, as stated earlier in a study by Herbert. 33 Patients with chest pain and right bundle-branch block were angiographically studied by Haft et al, 34 and no difference in severity or extension in coronary artery disease was seen compared with control subjects. From the Coronary Artery Surgery Study, 16 with Ͼ15 000 patients Ischemic heart disease 8 (29) 3 (38) 11 (31) 142 (27) Myocardial infarction 8 (29) 2 (25) 10 (28) 111 (21) Congestive heart failure 10 (36) † 3 (38) 13 (36) † 72 (14) RBBB indicates right bundle-branch block; LBBB, left bundle-branch block; BBB, all bundle-branch block; and No BBB, no bundle-branch block.
*PϽ0.05, †PϽ0.01 vs no BBB. Never smoked, n (%) 12 (31) 0 (0)* 12 (25) 107 (31) During follow-up, n (%) Diabetes 9 (23) 4 (44)* 13 (27) 58 (17) Ischemic heart disease 9 (23) 3 (33) 12 (25) 70 (20) Myocardial infarction 8 (21) 2 (22) 10 (21) 58 (17) Congestive heart failure 7 (18) 1 (11) 8 (17) 33 (10) Abbreviations as in Table 4 . *PϽ0.05, †PϽ0.01 vs no BBB.
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with chronic coronary artery disease, 522 patients with bundle-branch block were identified. No particular location of coronary stenosis or left ventricular wall motion abnormalities predominated, indicating that the bundle-branch block was the result of infarction of the proximal conduction system. In our study, with regard to risk factors for coronary heart disease at age 50 years, there was no difference between those who developed bundle-branch block and those who did not, except for diabetes mellitus, which was more common in men with bundle-branch block. The risk of having or developing ischemic heart disease/myocardial infarction in the future was not higher in the bundle-branch block population. In our population, coronary heart disease did not seem to play any major role in the development of bundle-branch block; instead, our study supports the theory that bundle-branch block is a progressive degenerative disease that affects not only the conduction system but also the myocardium itself, as shown by a larger heart volume at age 50 years in those who developed bundle-branch block at follow-up and a significantly higher incidence of the diagnosis of congestive heart failure during follow-up (Tables 4 to 6 ).
Mortality
Considerable information in the literature indicates that patients with bundle-branch block, either right or left, may have normal longevity. 9 -11,35-37 In the Framingham Study, an increased mortality from cardiovascular disease was seen in people with bundle-branch block. However, total mortality was not described. 13 Despite the high prevalence of coronary heart disease in patients with bundle-branch block, the onset of chronic bundle-branch block is only rarely accompanied by clinically recognized myocardial infarction. More often, bundle-branch block is discovered as an incidental accompaniment to chronic coronary artery disease. In studies of myocardial infarction/ischemic heart disease, bundle-branch block has been shown to be a strong predictor of high mortality at Ischemic heart disease 3 (12) 1 (8) 4 (11) 19 (11) Myocardial infarction 3 (12) 1 (8) 4 (11) 16 (9) Congestive heart failure 4 (17) 2 (17) 6 (17)* 9 (5)
Abbreviations as in Table 4 . *PϽ0.05 vs no BBB.
follow-up. 16,17,19,38 -40 Bundle-branch block has been reported to be present in 13% of patients with acute myocardial infarction. 38, [41] [42] [43] In our study, no increased mortality was seen in men with bundle-branch block at follow-up and no difference in the incidence of ischemic heart disease or death due to cardiovascular disease.
Coronary heart disease does not seem to play any major role in the pathogenesis of bundle-branch block. Rather, in our own study and those of others, bundle-branch block gives the impression of being a marker of a slowly progressing degenerative disease affecting not only the conduction system but also the myocardium. [44] [45] [46] A slow increase in cumulative mortality over time would then be expected but would be detected only in large populations followed up for a long period of time.
The marked increase in mortality in patients with bundlebranch block is seen only in combination with ischemic heart disease. In bundle-branch block, the depolarization phase is by definition prolonged. Furthermore, the prolongation of the vulnerable repolarization phase in combination with an increased number of premature ventricular beats (secondary to ischemic heart disease) would expose the patient to an increased risk of sudden ventricular tachyarrhythmias. This theory is supported by electrophysiological studies of patients with bifascicular block, in whom sustained monomorphic ventricular tachycardia was induced exclusively in patients with a previous myocardial infarction. 47 Furthermore, McAnulty et al 3 followed up 554 patients with bundle-branch block and noticed an increased risk of sudden death due not to bradyarrhythmias but rather to tachyarrhythmias and myocardial infarction.
Another explanation of the high mortality from acute myocardial infarction could be a degenerative cardiomyopathy less able to compensate for a sudden loss of functional myocardium during the course of an acute myocardial infarction.
Limitations of the Study
We looked at ECG recordings on only 4 occasions during a follow-up period of 30 years. In men who died who were not regarded as having bundle-branch block, we do not know whether they would have developed bundle-branch block before death. If that number is substantial, our results underestimate the cumulative incidence and mortality of bundlebranch block. Because both bundle-branch block and ischemic heart disease differ in a number of ways between sexes, our results cannot be extrapolated to women.
Conclusions
In a prospective population sample of men at age 50 years who were then followed up for 30 years, bundle-branch block was found to be common in elderly men and to increase with age. No correlation to risk factors for coronary heart disease at age 50 years, incidence of myocardial infarction during follow-up, or cardiovascular deaths was found. The results support the theory that bundle-branch block is a marker of a progressive degenerative disease that also affects the myocardium. 
